This study was conducted to evaluate the effect of vitamin E and selenium on performance, viability, productive efficiency, and yields of carcass, major cuts, and organs of broilers from 22 to 42 days submitted to cyclic-heat stress. The experimental design was randomized blocks, in a 2 × 3 factorial arrangement with two levels of selenium (0.1 and 0.3 mg/kg) and three levels of vitamin E (300, 400, and 500 mg/kg), plus a control treatment. Animals were submitted to a natural condition of high cyclic temperature. Organic selenium levels of 0.1 and 0.3 mg/kg associated with 300, 400, and 500 mg/kg of vitamin E were tested. The level of vitamin E did not affect the performance or production efficiency of broilers in the period from 22 to 33 days and 22 to 42 days. However, the selenium inclusion level of 0.3 mg/kg improved the viability in both phases. The yields of carcass, major cuts, intestine, and heart were not influenced by the levels of selenium and vitamin E, whereas abdominal fat for the selenium level 0.1 mg/kg decreased linearly with the inclusion in vitamin E.
INTRODUCTION
The poultry industry has occupied a prominent position in the list of exports of products marketed in Brazil, producing broilers with high technology and very competitive costs. However, there are some problems in the production process, mainly in the northeast region of Brazil, where the environment at some months of the year becomes incompatible with the comfort zone of these birds.
Heat stress is a major factor affecting the production of broilers in tropical regions, with adverse effects on weight gain, feed intake, feed 1260 DANIEL M.N. ALBUQUERQUE et al. conversion, and mortality of these animals, which consequently influence the business profitability (Quinteiro-Filho et al. 2010) . Under stress, birds tend to change their behavior to ensure their survival in the face of adversity. In the case of heat stress, birds reduce their feed intake, spend more time ingesting water or lying, increase their respiratory rate, and spread their wings in an attempt to lose heat to the environment (Medeiros et al. 2005, Lara and Rostagno 2013) .
In such conditions, lipid peroxidation in the tissues is high, causing accumulation of free radicals and antioxidant imbalance. When the stress is prolonged or very aggressive, the body's antioxidant capacity is exceeded, which impairs cellular functions and consequently leads to a decrease in production performance (Maini et al. 2007) .
The use of antioxidant vitamins and minerals such as selenium and vitamin E alone or combined, in broiler diets, can minimize the effects of stress caused by high temperatures due to the effect of freeradical sequestration and consequently improve the growth performance of birds (Marmoud and Edens 2005 , Choct et al. 2010 , Habibian et al. 2013 .
The objective of this study was to determine whether the current levels of selenium and vitamin E present in commercial premixes fulfill the requirements of broilers from 22 to 42 days old submitted to natural cyclic-heat stress by evaluating their effect on performance, rearing viability, production efficiency index, and the yields of the carcass and major cuts of these birds.
MATERIALS AND METHODS
The study was conducted in poultry sheds at the Department of Animal Science, in the Center for Agricultural Sciences at the Federal University of Piauí, located in Teresina -PI, Brazil (05° 02' 40,10" latitude and 42º 47' 03,79"longitude). The climate of the region, according to the Köppen classification, is an AW type (Kottek et al. 2006) , consisting of an equatorial savanna with minimum precipitation of 60 mm in the winter.
The experiment was approved by the Ethics Committee on Animal Experimentation of the Federal University of Piauí (CEEA/UFPI) under protocol #087/12.
A total of 1,100 one-day-old chicks of the ROSS line, originally sexed, separated by sex until 21 days, fed diets formulated according to the nutritional requirements of each life stage (Rostagno et al. 2011) , were housed in a single shed. At 22 days, 700 chicks were selected by weight, half of each sex, with an average weight of 0.789 ± 0.022kg.
A randomized-block experimental design was adopted, with the block represented by the sheds, in a 2 × 3 factorial arrangement with two levels of selenium (0.1 and 0.3 mg/kg) and three levels of vitamin E (300, 400, and 500 mg/kg), plus a control diet. The form of vitamin E used was DL-α-tocopherol and selenium, in a commercial organic preparation (selenomethionine).
The birds were allotted to seven treatments and five replications, housed in two similar sheds, totaling 35 boxes. The experimental unit consisted of 10 males and 10 females, totaling 20 birds per pen. The experimental diets (Table I) were isonutritive and formulated as recommended by Rostagno et al. (2011) . The test ingredients were added substituting the inert material, as follows: T1 -no supplementation of selenium or vitamin E; T2 -0.1 mg/kg selenium and 300 mg/kg vitamin E; T3 -0.1 mg/kg selenium and 400 mg/kg vitamin E; T4 -0.1 mg/kg selenium and 500 mg/kg vitamin E; T5 -0.3 mg/kg selenium and 300 mg/kg vitamin E; T6 -0.3 mg/kg selenium and 400 mg/kg of vitamin E; and T7 -0.3 mg/kg selenium and 500 mg/kg vitamin E.
Black-globe, wet-bulb and dry-bulb temperatures, and humidity were measured daily at 08h and 16h. The maximum and minimum temperatures were recorded only in the morning, and the thermometer was reset afterwards. These data were converted to black globe humidity index (BGHI) as recommended by Buffington et al. (1981) .
At the end of the experiment, two animals per plot with the weight closest to the average of the plot were identified for subsequent slaughter. Thus, at 21h on the 42nd day of age, these animals were feed-deprived to be slaughtered in the subsequent morning. At 07h of the next day, the birds were moved to the slaughterhouse, with the following processing line: mechanical stunning, hanging, bleeding, scalding, plucking, and evisceration. Afterwards, the hot carcass and major cuts were weighed. The relative weight of the cuts was determined in relation to the hot carcass weight.
The viability (V) was calculated according to Stringhini et al. (2006) , as follows: V (%) = [Total number of birds ˗ (discarded + dead birds) / total number of birds] × 100.
The productive efficiency index (PEI) was determined by the following equation: PEI = (AWG (g) ×RV) / FC × days housed) × 10, where: AWG = average weight gain; V = viability; and FG = feed conversion (Stringhini et al. 2006) .
The carcass yield and the relative weight of the organs were calculated based on the empty-body weight before slaughter. The yields of the cuts were determined in relation to the hot carcass weight.
Data were subjected to analysis of variance and regression, according to the GLM procedure of the Statistical Analysis System (SAS) software, with α = 0.05. Dunnett's test was applied in the comparison between the control and the other treatments, whereas for the selenium levels, the Student Newman Keuls test (SNK) was performed, both adopting α = 0.05. 
RESULTS AND DISCUSSION
The average maximum temperature remained above the ideal temperature for broilers in experimental sheds, while the minimum temperature remained on the comfort zone in shed 2, and slightly above in shed 1, as described in Table II . The comfort zone for birds in adulthood is in the range from 15 to 25ºC (Tinôco 2004) . The BGTI observed in this study during the experiment was higher than ideal, as established by Medeiros et al. (2005) , who stated that BGTI in the 59-67 range are considered cold; comfortable, between 69 and 77; and considered hot for the birds from 78 to 88. The authors also reported that in typically hot environments, broiler mortality is not affected; however, feed intake was reduced by 43% and weight gain by 67%.
There was no effect of interaction between the levels of supplementation of selenium and vitamin E (P> 0.05) on the performance variables in the life phases from 22 to 33 days (Table III) and 22 to 42 (Table IV) . The levels of selenium and vitamin E did not affect (P> 0.05) feed intake, weight gain, feed conversion, or productive efficiency index either both phases. Also, no difference was found when the control treatment was compared with the others (P> 0.05).
The variable viability was influenced by the selenium levels in both phases, with the level of 0.3 mg/kg of this mineral providing the best results.
In the period from 22 to 42 days, the viability with inclusion of 0.3 mg/kg of selenium and 300 and 400 mg/kg of vitamin E differed from the control treatment (P <0.05). Habibian et al. (2013) , in a study with broilers in a cyclic-heat stress environment with temperature ranging from 23.9 to 37°C, supplementing poultry diets with three levels of vitamin E (0, 125, 250 mg/kg) and three levels of selenium (0, 0.5, and 1.0 mg/kg), found lower weight gains, feed intake, and feed conversion in the animals subjected to high temperature. The selenium and vitamin E levels did not affect weight gain or feed intake; however, the vitamin E level of 125 mg/kg improved the feed conversion of birds at 49 days old. In the present study, the levels of selenium and vitamin E did not affect feed intake, weight gain, or feed conversion, possibly because younger birds were used, and these animals do not feel as much the adverse effects of high temperatures.
For the performance variables, the results of this study were similar to those observed by Kim et al. (2010) , in that the test diets with a level of selenium and three levels of vitamin E, plus a control diet, did not yield differences in these variables. Peric et al. (2009) also tested different sources and levels of selenium and found no difference in weight gain, feed conversion, mortality, or productive efficiency index.
Additionally, evaluating different sources of selenium, Gomes et al. (2012) found that selenium supplementation, regardless of the level and source, provided superior performance to the control treatment for the phase from 1 to 33 days.
Increasing levels of vitamin E (0, 75, 150, 225, and 300 mg/kg) in the diet of broilers can provide a linear increase in weight gain, especially when compared with the level without supplementation, as observed by Silva et al. (2011) . But this did not occur in the current study, probably because the level of vitamin E premix fulfilled the requirements of these birds in the respective phases under cyclicheat stress conditions. Souza et al. (2011) studied different inclusion levels of vitamin C and E in broiler diets and did not observe differences between the tested levels in phases 1 to 21 and 1 to 42 days for the variables feed intake, gain weight, and feed conversion. However, other authors observed an improvement in the performance variables when they included selenium or vitamin E in broiler diets. Maini et al. (2007) observed an improvement of approximately Means followed by the same letter in columns do not differ by the SNK test (P> 0.05). *Differs from the control treatment by Dunnett's test (P <0.05).
was conducted, mainly due to the daily time of exposure of birds at elevated temperatures as well as different levels and sources used in each study.
For the carcass-yield related variables, the major cuts, and abdominal fat (Table V) , it was found that there was no interaction between levels of selenium and vitamin E. The yields of carcass and major cuts were not affected by dietary selenium and vitamin E. However, for abdominal fat, an interaction between the levels of selenium and vitamin E was detected. The addition of vitamin E at the selenium level 0.1 mg/kg influenced the abdominal fat linearly, represented by the following equation: y = 1.871 to 0.002 x (R 2 =0.94). The selenium levels evaluated with three levels of vitamin E did not affect the amount of abdominal fat (P> 0.05).
The results of this study agree in part with those obtained by Sevcíková et al. (2006) Concerning the evaluated organs (Table VI) , also no interaction between levels of selenium and vitamin E was found (P> 0.05). Selenium levels did not affect the relative weights of liver, gizzard, intestine, or heart (P> 0.05).
The results of this study are consistent with those observed by Sevcíková et al. (2006) , who found no effect of the level and source of selenium on the absolute weight of the liver and giblets (liver, heart and gizzard together). The results also agree with Haug et al. (2007) , who found no differences in the weights of liver and heart of broilers at 22 days, fed diets supplemented with 0.50 and 0.84 mg/kg of organic selenium.
CONCLUSIONS
The current level of selenium and vitamin E present in the mineral and vitamin premixes fulfills the requirements for performance of broilers from 22 to 33 days and 22 to 42 days of age reared in a high temperature environment.
The selenium supplementation level of 0.3 mg/kg improves the rearing viability of broilers in the periods from 22 to 33 and 22 to 42 days of age.
The relative weight of abdominal fat with the selenium level of 0.1 mg/kg decreases linearly with the increase in vitamin E.
